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A Study on the Life Cycle Cost Calculation of the Railroad Vehicle
Based on the Maintenance Information

ARG T FUT . UFA . PAGH

Jaehoon Kim - Hyun-Kyu Jun - Jun-Seo Park - Hyun-Yong Jeong

Abstract Life cycle costing is one of the most effective approaches for the cost analysis of long-life products such
as the railroad vehicle. Life cycle costing includes the cost of concept design, development, manufacture, operation,
maintenance and disposal. Especially, life cycle costing in the railroad industry has been focused on the maintenance
cost. In this paper, the standard, guide and maintenance information of railroad vehicle were investigated, and the
unique corrective and preventive maintenance templates of railroad vehicle were proposed. Maintenance cost of an
auxiliary power supply system of EMU was predicted by using the proposed templates. The results show that the
preventive maintenance, PM, cost is much higher compare to corrective maintenance, CM, cost because of daily and
monthly maintenance tasks which require lots of labor work. It is expected that these templates can help railroad
operators make maintenance strategies with consideration of the cost parameter.

Keywords : LCC, Preventive Maintenance, Corrective Maintenance, Railroad Vehicle
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Table 1. EN50126-1 Preventive maintenance template contents

Code LRU & #ZE

Description LRU A9

Part No. LRU BZ ¥35

Qty @2 g LRU

Step no. FHES Y A WS
Maintenance Task |o®7gH] 2¢] A
Spare Pare and | apqrel g 54 4l 9 82
Frequency d9gu) 27] (time or Km)

AAH FRA RS HE 2=
Maintenance level |+ InS-PM (In-Service PM)
* OutS-PM (Out-of-Service PM)

Personnel L HS oy 4

Skill Level qgAu] 2Az s

Spare Parts Cost |ojH]& v &

Man hours gy Y & x fFARS Y AT

Standstill time e 2 gt A= di7iA|zE

Total Qty A AEAgo] 43 LRUS %

Notes 71 AR I 24

Table 2. EN50126-1 Corrective maintenance template contents

Code LRU &% 3=
Description LRU 49

Part No. LRU 2& ¥3

Qty gi ¢ LRU

Failure Mode. FMEA £3%t LRU 2=

Maintenance Task |H<4Xu] 2o} H

Spare Parts and

; Z+ U3 E4 Ry 0 2=
special tools elo] 28st 5 A6 d EF

Failure rate (in

failures/Mh) LRU 24 == 248

25u fAns 4 B=

* InS-CM - Rep (In-Service CM w/
Repairable)

*InS-CM - Not Rep (In-Service CM w/
Non Repairable)

* Out-SCM (Out-of-Service CM)

Maintenance Level

Personnel FAES AH

Skifi Level BaAy 247 7% 4

Spare Parts Cost |dju]& H]-&

Man hours HeAu] Y & x fAES A ARE

Standstill time BEAHE Qs Hrapeko] o7 Azt

Total Qty A B=Age] ZFHE LRUY £

Notes 71ek AV U 24
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Table ‘3. UNIFE LCC Global data template contents

Man hour cost AlZFg 17w
Number of trains Z g3 ¢

Operation distance % 23 AF (kmly)
Life Cycle Length Z AHE A (year)
Powered time per year | 7tE Azt (hour)
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Table 4. UNIFE Preventive maintenance template contents

Identity SRU HE& 3=

Name SRU o}

Total in train/proj gz 7 F otojH] 5=
Spare Part Price el H§

Task No FARSE A AE WS

PM Description vl 24 4

Work shop work shop E+¢] (1, 2 or 3)
PM Interval oA u} 7]

PM Interval Exception oyl o o9
Interval unit(km/d/m/y) Z7] 949

PM MMH(Manh) o gul QA

Time per task SR B ZY A7

Skill Category AgAgu] AU 71 FHe e

Spare Part Name aH]E ol&

Spare Part Number oqu|E e gy

Mitrl cost oA Azu

OIHEYY=RT 123 F12 20098 91

Table 5. UNIFE Corrective maintenance template contents
Identity SRU ¥% IT
Name SRU o]&
A & F ofoldd 4

T4 HE 4y

Total in train/proj

Supplier Part Number

Sub-Supplier &9 g3
Sub-Supplier Item Name 39 Z3A Item °|&
Sub-Supplier Part Number |39} -S54 HE @]

Spare Part Price Au)E vl&

Exchangeable 2% 7hs ofF

Fraction by Exchange 28]g (1: 28 0: £8)
Repairable 3 7ty o

Failure rate I1AE

F/R unit I1%E 99

MMH(manh) 2R AN

MTTR B 7 AL

Skill Category B 34z 7% 7E e
Ist, 2nd line | Mtrl cost |lst, 2nd line ®=Au] |7 H)
3rd Rep Rep cost [3rd Rep B3 ulH]

3rd Rep Time CWS 3A workshop =2 Ha 1A
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Fig. 2. Corrective maintenance template

Table 6. Corrective maintenance template contents

ID.No SRU &% ZE
Item Name SRU o|&
Quantity dx LRU 4=

Failure mode

FMEA £3% LRUS| 3ARE

Maintenance task

B 4F A

Spare Parts

Aol Badt auF 2 AuE

Failure rate(in failure/Mh)

LRU 2450 T4 E(HT A7t
g 1% 34

Repairable (Y/N)

22l 7hs oyt

Spare Part cost ofH)E Bg
1st, 2nd line Material cost
- A s
3rd rep Material cost
. Personnel
Ist, 2nd line
Man hour | ofstgu] 9191 4 x §234: &)
Personnel A7zt
3rd rep
Man hour

Skill level

ol ZdA 71 A

Notes 7et A W A
Table 7. Preventive maintenance template contents

ID.No SRU E& FC&

Item Name SRU o]&

Quantity AxF LRU 4

Step No. oAyyE A Ad Wz

Maintenance Action

Codes

dqrgAel 4% 1§ F=

(IN, SV, RP, NDT, RM, OV)

Maintenance Task

Ay dF H9

Spare Parts

Aol Badt SEjA 9 oulE

Interval

Interval unit (km/d/m/y)

odrgAe) £7] o &9

Spare Part Cost dujE H]&
1st, 2nd line Material cost
. 2 =H]
3rd rep Material cost
. Personnel
1st, 2nd line
Man hour | cggu] Q19 4 x §XH4 2]
Personnel | A%
3rd rep
Man hour

Skill level

A 2AdA Jis #Hd

Notes

7o A 3 2

Z1EA o2 HeAule fAESs T 9E UNIFE LCC
293 SUsHA SAEA s 432 LRU 9917} oh)
2} Au|E @912l SRU T2 Hstar vt o] A2 AR
HEAAE F7) oM FAES E5-Z SRU ToA
So3ta 97) iols, B LRU ©9Ighe el 249
LRU 9|2 @7} 0|20} o 51919] SRU B4jolA
78 & WAZE BT ol dsiH e Atel E7Hs
3}cH2,5-6].

EF §ARS A Gl QeI E A 4185
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Fig. 3. Proposed maintenance level simple diagram

EZ R EE FES SRk AR ElE At
o AzH] AL AB|E HE Qo RIHHez &
=E50 et B8-S st “HmuP FHo
=% 5}Qick o] B¢ SRUY “a8] 7hsol 5 3
Sejsles stk (o, SRU 32 wjojs,
7t 2F 5 &8A, dHE vl 5 HojR dRE
H-g, A=u] = oAuE 8§ Ee Y 7Hs SRUS
735 el g + 57 &5 W), o] Haign] EF3
59} I SRUS nAFR | w2 “dijgt AlZhg 1
B2 ol 8EF L, Ve HaguAR 9331 &
& Table7} Zo] FA45] Utk
A uIEE HERY BF oA AU B
5 DB gE33} 7|24 FEojA KA SHARE o
PR FrHLR FARS B0 WHEET] fEof
Ay u]d 2 DB gE3lof oA JFE ZE=3EH
oo (Z = IN:Inspection, SV: Servicing, RP: Replacement/
Replenishment of consumables, NDT: Non-Destructive
Test, RM: Removal for overhaul/replacement, OV: Major

o]
=

L)

i3

A
T
2
=
=

ERT

4z o zo

Sof o]g
.

oo



HEARG QRIEAREE o801 £RFHIE WM A4

parts' renewal/replacement during overhaul), S|y &%
g4t weiste] 2718 A (km)et AJ7Hday/month/year)
oz FHEte] QiYsleg stglct. shAIT AEAAY &
AES FHES ALEE7] YA AbE A ESPR
DB HE39 %o UNIFE LCC 23 Zo] 712
2t & %, & 2WAY L AL 97 7R At F B
249 dojy R Mg Horojo} 7]

3.2 H2K SX|ExPE MBS OI8TC HTAIAH
SEo| it MFEI| {X|EHIE ALt

B Aol Aokt AR,AR HERE o83t
Az ALY BEof tigh 7] SARFHE A4S 5
gatoich ALY g4 BEOREE A FARE
59 sholn, diolg R} 7Hsd et ERAY
A& AR ERAGAAY AF7] A Es o
£& A 913ke] WA 224 UNIFE LCC ey} 2
of AEAt 108 1HAof st & +FA] & A7, A%
7o A7t 5 I 22 dojg FEE XA
Table 8o A ostgict. 2249 dlojele 2+ a7 & @
A Y A A AFRRY vlolH RALE HIRLR
gt dag AAl dEEch 2Em obA Hojd B4
9 ogu) gEo] Ao AFREY AR 43
9 @} ARZAL 2ALE F8ko] A8 Table 9, 10
2 2249432 SRU % Power Supply (DDPU-106)2} 2
g @ ggy] vlg Ao 2a3 P A8 UErd
oltf, ymz] RE H2HYFA Q] SRU| i &
FES RAMEG, B2 AYER Y SRU A RpHE
A4kttt

Mo we

Table 8. Global data for EMU

9,375 Won
(= 1.5M Won/20days/8hour work)

1 (1 train = 10 cars)
130,000 km/y (= 0.4 M km/3 year)
25 year (By the law)
5,200 hour (= 0.13 M km/25km/h)

Man hour cost

Number of trains
Operation distance
Life Cycle Length
Powered time per year
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Table 9. SRU corrective maintenance information (sample)

ID.No 171241

Item Name Power Supply (DDPU-106)
Quantity 3

. Failure to provide power for the
Failure mode train

Multiple SIV unit fitted.

Maintenance task .
Battery change over circuit fitted.

Spare Parts Power Supply (DDPU-106)

Failure rate(in failure/Mh) [4.02 failure/Mh

Repairable (Y/N) No repair & Exchange

Spare Part cost 52,500 Won

1st, 2nd line Material cost |52,500 Won

3rd rep Material cost -

P
Ist, 2nd line ersonnel 1 Personnel x 0.8 Man hour
Man hour
3rd re Personnel
P Man hour
Skill level Electrical Engineer
Notes -

Table 10. SRU preventive maintenance information (sample)

ID.No 171241

Item Name Power Supply (DDPU-106)
Quantity 3
Step No. 3C 171241 01

Maintenance Action Codes |IN

Maintenance Task Power Supply Inspection

Spare Parts Power Supply (DDPU-106)
Interval 3

Interval unit (km/d/m/y) year

Spare Part Cost 52,500 Won

1st, 2nd line Material cost {52,500 Won

3rd rep Material cost -

P 1

Ist, 2nd line ersonne 1 Personnel x 0.8 Man hour
Man hour
Personnel

3rd r

ré Tep Man hour

Skill level Electrical Engineer

Notes -




Table 11. Result of life cycle cost for Power supply during 25 year
Cost CM PM
196,327 Won | 60,953,063 Won
2,198,280 Won 1,323,000 Won
2,294,608 Won | 62,276,063 Won

Man hour Cost
Material Cost
Total Cost
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